Background: The first-line drugs for the treatment of non-valvular atrial fibrillation (AF) are non-vitamin K antagonist oral anticoagulants (NOACs), which are preferred over vitamin K antagonists (VKAs). There is some evidence that there are discrepancies between everyday clinical practice and the guidelines.
INTRODUCTION
According to current European guidelines, the prevalence of atrial fibrillation (AF) is estimated at approximately 3% of adults [1] . What is more, among those in middle-age probably one in four will develop AF [1] . AF is associated with increased risk of all-cause mortality and ischaemic stroke, as well as high hospitalisation rates [1] . An integral element of management of patients with AF is anticoagulation to prevent thromboembolic events. According to the current guidelines for non-valvular AF treatment, the first-line drugs are non-vitamin K oral anticoagulants (NOACs), which are preferred over vitamin K antagonists (VKAs) [1] . However, the international GARFIELD-AF (Global Anticoagulant Registry in the FIELD) registry showed that everyday clinical practice is distant from the guidelines [2] . Although the rate of prescription of NOACs is increasing, in general the proportion of patients with an intermediate-high stroke risk receiving oral anticoagulants (OACs) is not increasing [2] . There is a lack of data describing differences in phenotypes of real-life populations according to the type of OAC.
This study aimed to compare the characteristics of patients on VKAs, dabigatran, and rivaroxaban met in everyday practice in terms of baseline characteristics, drug doses, and risk factors for bleeding and thromboembolic events. Additionally, we assessed the frequency of prescription of different OACs in recent years.
METHODS

Study design
This cohort study consisted of data from the multicentre CRAFT (MultiCentre expeRience in AFib patients Treated with OAC) study. The study was registered in ClinicalTrials.gov: NCT02987062. This was a retrospective analysis of hospital records of AF patients treated with VKAs (acenocoumarol, warfarin) and NOACs (apixaban, dabigatran, rivaroxaban). The study was approved by the local Ethical Review Board.
The study included all ages of patients with AF diagnosis, hospitalised in between 2011 and 2016 in two centres: one academic centre localised in a capital city and one district hospital. Patients who did not receive OACs at hospital discharge or had diagnosis of valvular-AF were excluded from the analysis. Patients on apixaban, due to the small group size, were also excluded. Another NOAC, edoxaban, was still unavailable on the Polish market. Investigators collected baseline characteristics regarding demographics, medical history, type of AF (paroxysmal, persistent, and permanent), diagnostic tests results, and pharmacotherapy. Major bleeding was defined as symptomatic bleeding in a critical area or organ (i.e. intracranial, intraocular, retroperitoneal, intramuscular with compartment syndrome), gastrointestinal, and life-threatening (bleeding causing a decrease in haemoglobin level of 20 g/L [1.24 mmol/L] or more or leading to transfusion of two or more units of whole blood or red cells).
Study population and group selection
A total of 3528 patients with non-valvular AF were enrolled in the CRAFT study. All patients were hospitalised and discharged on OAC pharmacotherapy. The total cohort consisted of 1973 patients on VKA, 504 patients on dabigatran, and 1051 patients on rivaroxaban. Figure 1 presents a flow chart of the patients' enrolment in the study.
Comparative analysis of patients treated with OAC Patients treated with each drug were compared with regard to baseline characteristics and doses of NOACs (2 × 150 mg vs. 2 × 110 mg of dabigatran and 20 mg vs. 15 mg of rivaroxaban). Six patients on dabigatran and seven patients on rivaroxaban had missing dosage data.
Each patient was evaluated regarding common scales assessing risk of thromboembolic (CHA 2 DS 2 VASc) and bleeding (HAS-BLED, modifiable and non-modifiable risk factors for bleeding in anticoagulated patients, based on the current guidelines for AF treatment [1] ) events. We also assessed the frequency of usage of different types of OACs in recent years.
Statistical analysis
Normally distributed continuous variables were presented as mean values and standard deviations. Ordinal variables and non-normally distributed continuous variables were presented as median values and interquartile ranges (IQR). Categorical data were presented as numbers of patients and percentages. The Fisher's exact test and the Mann-Whitney U test were used for categorical variables and continuous variables, respectively. P-values less than 0.05 were considered significant. All tests were two-tailed. Statistical analyses were performed using SPSS software, version 22 (IBM SPSS Statistics 22, Armonk, NY, USA).
RESULTS
Clinical characteristics
Baseline clinical characteristics of the study groups are presented in Table 1 . The mean age of the total population was 67.9 ± 13.2 years, and 40.2% were female. Patients on rivaroxaban were older (70.5 ± 13.1 years) and more often female (47.9%), compared with patients on VKAs (67.0 ± 12.8 years, p < 0.001; 35.5%, p < 0.001) and on dabigatran (66.0 ± 13.9 years, p < 0.001; 38.9%, p = 0.001).
Patients with all types of AF more frequently were on VKAs than on NOACs, but statistical significance was reached only for paroxysmal AF (54.2% vs. 45.8%, respectively; p = 0.01). NOAC patients with persistent and permanent AF were more likely to receive rivaroxaban (54.7% and 73.4%, respectively) than dabigatran (45.3%, p < 0.001 and 26.6%, p = 0.002, respectively). Table 2 presents thromboembolic and bleeding risk factors in patients with AF treated with different OACs. Patients on rivaroxaban had higher risk of thromboembolic events (CHA 2 DS 2 VASc 3.9 ± 2.0, CHADS 2 2.2 ± 1.4) than those on VKAs (3.3 ± 2.0, 1.9 ± 1.3) and on dabigatran (3.1 ± 2.0, 1.8 ± 1.3). Patients on rivaroxaban had also a higher rate of prior major bleeding (11.2%) than patients on VKAs (6.7%, p < 0.001) and on dabigatran (7.3%, p = 0.02). Whereas, patients treated with VKAs had higher mean serum creatinine concentration (1.12 ± 0.43 mg/dL) than patients on rivaroxaban (1.08 ± 0.39 mg/dL, p = 0.04) and dabigatran (1.07 ± 0.54 mg/dL, p = 0.04), and they were treated with antiplatelets more often than patients on NOACs. Compared to dabigatran and VKAs, patients on rivaroxaban were more likely to have heart failure, history of myocardial infarction or peripheral artery disease, stroke or transient ischaemic attack (TIA), and chronic obstructive pulmonary disease (COPD).
Comparison of thromboembolic and bleeding risk factors
Comparative analysis of patients receiving different doses of NOACs
Among NOACs, patients on higher daily doses (150 mg of dabigatran bid and 20 mg of rivaroxaban qd) were significantly younger (60.0 ± 12.4 years and 65.2 ± 12.9 years, respectively) than patients on lower doses of NOACs (75.8 ± 10.2 years, p < 0.001; 78.5 ± 8.6 years, p < 0.001, respectively) ( Table 3) . Patients on lower doses of NOACs were more likely to have permanent AF, while patients on the higher doses had paroxysmal or persistent AF. Patients receiving 110 mg of dabigatran bid or 15 mg of rivaroxaban qd had significantly higher serum creatinine levels, were more often female (significant only for rivaroxaban), and more often had a history of major bleeding, stroke or TIA, prior myocardial infarction and peripheral artery disease, heart failure, type 2 diabetes, and COPD than patients on 150 mg of dabigatran bid or 20 mg of rivaroxaban qd. Patients on lower doses of dabigatran and rivaroxaban had a significantly higher risk of thromboembolic events (CHA 2 DS 2 VASc: 4.4 ± 1.7 and 5.0 ± 1.7, respectively) than patients on higher doses (CHA 2 DS 2 VASc: 2.3 ± 1.7 [p < 0.001] and 3.1 ± 1.9 [p < 0.001], respectively). They had also a higher bleeding risk (HAS-BLED: 0.6 ± 0.6 and 0.6 ± 0.7 for dabigatran and rivaroxaban, respectively) than patients on regular doses (HAS-BLED: 0.2 ± 0.5; p < 0.001 and 0.3 ± 0.5; p < 0.001 for dabigatran and rivaroxaban, respectively). Patients on reduced doses of NOACs were more likely to receive concomitant treatment with antiplatelets, statins, and angiotensin converting enzyme inhibitors or angiotensin receptor blockers than patients on higher doses of NOACs.
OAC prescription over the years
Data on frequency of prescription of different types of OACs in recent years are provided in Figure 2 . Dabigatran and afterwards rivaroxaban were approved for the prevention of ischaemic stroke and systemic embolism in adults with non-valvular AF at the end of 2011. Use of VKA in 2011 was reported in over 96% of patients on OACs, but it decreased to as few as 34.6% in 2016. In the last analysed year, i.e. 2016, AF patients were treated mainly with NOACs -dabigatran (24.2%) and rivaroxaban (41.3%).
DISCUSSION
This study presents the clinical characteristics, as well as baseline thromboembolic and bleeding risk factors, of AF patients Refers to the comparison of rivaroxaban with dabigatran. Continuous variables are presented as mean ± standard deviation. Categorical variables are presented as percentage and (number); ACEIs -angiotensin converting enzyme inhibitors; AF -atrial fibrillation; ARB -angiotensin receptor blockers; BMI -body mass index; CCBs -calcium channel blockers; eGFR -estimated glomerular filtration rate; NOACs -non-vitamin K antagonist oral anticoagulants; VKAs -vitamin K antagonists In the literature there are insufficient data on the pattern of use of available NOACs and their comparison with use of VKAs in real-life patients. Our study confirms the tendency of an increase in NOAC usage at the expense of decreased frequency of VKA prescription. Interestingly, in our population the highest risk of thromboembolic events and incidence of major bleedings were observed in patients on rivaroxaban in comparison to patients on VKAs and dabigatran. Patients with a high risk of thromboembolic and bleeding events were also more likely to receive lower doses of NOACs.
All NOACs have been shown to have a better safety profile and to be at least as effective as warfarin [3, 4] . According to guidelines on AF published in 2012, NOACs were recommended on a par with VKAs [5] , but the current guidelines (published in 2016) clearly prefer NOACs over VKAs [1] . Adherence to changing guidelines was observed in our study. Dabigatran and subsequently rivaroxaban came onto the Pol- Continuous variables are presented as mean ± standard deviation. Categorical variables are presented as percentage and (number). AF -atrial fibrillation; ACEIs -angiotensin converting enzyme inhibitors; ARB -angiotensin receptor blockers; BMI -body mass index; CCBs -calcium channel blockers; CHA 2 DS 2 VASc -Congestive Heart failure, hypertension, Age ≥ 75 (doubled), Diabetes, Stroke (doubled), Vascular disease, Age 65-74, Sex (female); COPD -chronic obstructive pulmonary disease; GFR -glomerular filtration rate; HAS-BLED -Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile international normalised ratio, Elderly, Drugs/alcohol concomitantly; MImyocardial infarction; NSAIDs -nonsteroidal anti-inflammatory drugs; PAD -peripheral artery disease; SBP -systolic blood pressure; TIAtransient ischaemic attack Figure 2 . Frequency of prescription of vitamin K antagonists, dabigatran, and rivaroxaban in patients with atrial fibrillation in recent years ish market at the end of 2011, and since that moment our study has observed an increasing rate of NOAC prescription of up to two-thirds of the total number of used OACs (Fig. 2) . At the end of the study period dabigatran was prescribed in approximately 24%, while rivaroxaban was prescribed in as many as 41% of patients on OACs. These results are in line with data from a large Danish nationwide registry, which included 18,611 AF patients who initiated OAC treatment in the period between 2011 and 2013 [6] . In that registry most of the patients were still on VKAs (53%), but the prescription rate of NOACs was increasing (38% -dabigatran, 7% -rivaroxaban, 1% -apixaban) [6] . In the GARFIELD-AF registry conducted in Europe a decline in VKA treatment by 37% to 42% of patients receiving OACs was also observed [2] . In previous studies the following factors have been shown to be associated with an increased probability of NOAC prescription: hospitalisation due to AF, age ≥ 80 years, history of bleeding, paroxysmal AF, certain comorbidities (stroke, alcohol abuse), and living in a rural area [6, 7] . Whereas, factors strongly related with VKA prescription were ischaemic heart disease, heart failure, liver failure, and, in particular, chronic kidney disease [6] . In our analysis patients on VKAs had significantly worse kidney function (assessed by serum creatinine or estimated glomerular filtration rate [eGFR] levels) and more frequently were treated with antiplatelets than patients on rivaroxaban and dabigatran. According to the AF guidelines (published in 2012), NOACs were not recommended in patients with severe renal impairment (creatinine clearance < 30 mL/min) [5] , but in our study 2.5% patients on rivaroxaban and 0.7% patients on dabigatran had eGFR < 30 mL/min. In the NOACs approval trials (ROCKET-AF [rivaroxaban] and RE-LY [dabigatran]) the creatinine clearance was calculated according to the Cockroft-Gault formula [3, 4] , which was shown to be more useful than the Modification of Diet in Renal Disease (MDRD) study equation or Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation in predicting very late mortality [8] .
Available data show that patients with paroxysmal AF less frequently receive antithrombotic therapy than patients with persistent or permanent AF, despite the fact that all types of AF should be treated similarly in terms of assessed thromboembolic risk [1, 9] . However, it was shown that patients with persistent AF had higher risk of stroke than patients with paroxysmal AF, due to more frequent presence of comorbidities such as diabetes, heart failure, ischaemic heart disease, prior stroke, and higher CHADS 2 or CHA 2 DS 2 VASc score [10, 11] . In our study patients with paroxysmal AF were more likely to be treated with VKAs than with NOACs (54.2% vs. 45.8%, respectively; p = 0.01), but without such a difference in those with persistent and permanent AF. However, among NOACs, patients with persistent and permanent AF were more likely to receive rivaroxaban (54.7% and 73.4%, respectively) than dabigatran (45.3%, p < 0.001 and 26.6%, p = 0.002, respectively).
Interestingly, in previous studies the choice of NOACs and VKAs was not related to thromboembolic (CHA 2 DS 2 VASc score) and bleeding (HAS-BLED) risks [6] . In our study patients on rivaroxaban were older, had more comorbidities, and higher risk of stroke and bleeding than patients on dabigatran or VKAs. Similar findings regarding the profile of patients on rivaroxaban were revealed in the ORBIT-AF (Outcomes Registry for Better-Informed Treatment of Atrial Fibrillation) and Danish registries [6, 12] .
In the previously published studies there was no difference in terms of thromboembolic and bleeding risk between patients on VKAs and those on NOACs [6, 7] . In a single-centre prospective study consisting of 550 patients with non-valvular AF, patients on VKAs had a mean CHA 2 DS 2 VASc score of 3.8 ± 1.7 and HAS-BLED score of 2.2 ± 1.0, while patients on NOACs had a mean CHA 2 DS 2 VASc score of 4.1 ± 1.7 and a mean HAS-BLED score of 2 ± 0.9 [7] . In our study, significant baseline differences between groups were observed. Patients on rivaroxaban had a higher thromboembolic risk (mean CHA 2 DS 2 VASc score 3.9 ± 2.0, mean CHADS 2 score 2.2 ± 1.4; n = 1046) than patients on VKAs (mean CHA 2 DS 2 -VASc score 3.3 ± 2.0 and mean CHADS2 score 1.9 ± 1.3) and on dabigatran (mean CHA 2 DS 2 VASc score 3.1 ± 2.0 and mean CHADS 2 score 1.8 ± 1.3). Hence, in our study clinicians were prescribing rivaroxaban to high-risk patients and dabigatran or VKAs to low-intermediate (CHA 2 DS 2 VASc score 0-1)-risk patients; nonetheless, our population is more similar to the population included in the RE-LY study (mean CHADS 2 score 2.2 ± 1.2) than to the ROCKET AF study (rivaroxaban, mean CHADS 2 score 3.5 ± 0.9) [3, 4] .
In the real-life setting an important factor conditioning the effectiveness of the therapy is the physicians' adherence to the guidelines, as well as patients' compliance. In the Polish part of the Heart Failure Pilot Registry of the European Society of Cardiology there was observed low use (66.1%) of oral anticoagulants in heart failure patients with concomitant AF, despite the fact that 98.1% patients had at least two points in the CHA 2 DS 2 VASc score [13] . It is worth emphasising that there are available tools based on three-dimensional movies, which might increase the patients' compliance and translate into higher effectiveness of OAC therapy [14] .
The doses of dabigatran and rivaroxaban should be reduced (to 110 mg and 15 mg, respectively) in patients on dual-antiplatelet therapy, with a high risk of gastrointestinal bleeding (only dabigatran), renal impairment (serum creatinine clearance < 50 mL/min), and in the elderly (≥ 75 years) (only dabigatran) [15, 16] . According to those recommendations, in our study patients on lower doses of dabigatran and rivaroxaban were older (75.8 ± 10.2 and 78.5 ± 8.6 years, respectively), were more often female (significant only for rivaroxaban), had permanent rather than paroxysmal or persistent AF, worse kidney function, and more frequently were concomitantly treated with antiplatelets. Patients with reduced doses of NOACs had also higher thromboembolic and bleeding risk than patients on higher doses of NOACs. However, it should be stressed that the superiority of lower doses of dabigatran and rivaroxaban over VKA in reduction of the risk of stroke or systemic embolism was not shown in the NOAC trials [3, 4] . In the recently published propensity weighted nationwide study of reduced doses of NOACs by Nielsen et al. [17] rivaroxaban (15 mg once a day) and dabigatran (110 mg twice a day) presented lower thromboembolic event rates. Bleeding risk was lower only for dabigatran when compared with warfarin. This is a retrospective study and has several limitations. First, it was not a nation-wide registry with a truly representative cohort of AF patients on OAC. Second, we did not have information on time of first AF diagnosis or previous anticoagulant treatment. Third, there were no data regarding some important clinical variables including tobacco smoking, heart rate, and blood pressure. Fourth, due to the small number of patients on apixaban, we could not include this NOAC in the analysis.
In conclusion, the study revealed that prescription of VKAs has declined significantly since the introduction of NOACs. Patients treated with different OACs demonstrated a distinct baseline clinical profile. The highest risk of thromboembolic events and incidence of major bleedings were observed in patients on rivaroxaban in comparison to those on VKAs and dabigatran. Among NOACs, patients treated with lower doses of dabigatran and rivaroxaban were older and had significantly higher risk of thromboembolic and bleeding events.
